WEST Refine Search 



Query 



Set Name 
side by side 

DB=USPT,PGPB,JPAB,EPAB,DWPI,TDBD; THES= ASSIGNEE; 
PLUR=YES; OP=AND 



http://westbrs: 800^in/cgi-birj/PreSear 



Hit Count Set Name 
result set 



/" 



L14 


(differential adj display) same (APC or (dendritic adj cell)) 


16 


L14 


L13 


L12 not L7 


26 


LI 3 


L12 


Lll andL6 


28 


L12 


Lll 


L10andL5 


357 


Lll 


L10 


L9 and (APC or (dendritic adj cell)) 


756 


L10 


L9 


(differential adj (screening or expression)) and (tumor or cancer) 


4089 


L9 


L8 


L7 and (differential adj (screening or expression)) 


2 


L8 


T 7 


T fi samp ( traTisfprted or tTfltisformpH or ( PPtiPtirallv adi moHifipd^ 


24 


L7 


L6 


L5 same (APC or (dendritic adj cell)) 


300 


L6 


L5 


(array or multiple) same (antigens) 


10443 


L5 


L4 


Giedlin-martin.in. 


1 


L4 


L3 


LI and (array same antigens) 


1 


L3 


L2 


LI and (APC) 


3 


L2 


U 


Williams-Lewis-T $ . in. 


70 


LI 



END OF SEARCH HISTORY 



### Status: Path 1 of [D^.aS6g Information Services via ModUff 

### Status: Initializing TCP/IP using (UseTelnetProto 1 ServicelD pto-dialog) 
Trying 31060000009999 .Open 



DIALOG INFORMATION SERVICES 
PLEASE LOGON: 

******** HHHHHHHH SSSSSSSS? 
### Status: Signing onto Dialog 

******** 

ENTER PASSWORD: 

******** HHHHHHHH SSSSSSSS? ******** 
Welcome to DIALOG 
### Status: Connected 



Dialog level 02.15.02D 



Last logoff: 17jun03 14:28:03 
Logon fileOOl 20jun03 12:35:30 
*** ANNOUNCEMENT *** 
* * * 

--File 581 - The 2003 annual reload of Population Demographics is 
complete. Please see Help News581 for details. 



*** 

--File 156 - The 2003 annual reload of ToxFile is complete. Please 
see HELP NEWS156 for details. 

*** 

--File 990 - NewsRoom now contains February 2003 to current records. 
File 992 - NewsRoom 2003 archive has been newly created and contains 
records from January 2003. The oldest months' s records roll out of 
File 990 and into File 992 on the first weekend of each month. 
To search all 2003 records BEGIN 990, 992, or B NEWS2003, a new 
OneSearch category. 

*** 

--Connect Time joins DialUnits as pricing options on Dialog. 
See HELP CONNECT for information. 

* ** 

--CLAIMS/US Patents (Files 340,341, 942) have been enhanced 
with both application and grant publication level in a 
single record. See HELP NEWS 34 0 for information. 

* * * 

--SourceOne patents are now delivered to your email inbox 
as PDF replacing TIFF delivery. See HELP SOURCE1 for more 
information . 

* * * 

--Important news for public and academic 
libraries. See HELP LIBRARY for more information. 

** * 

--Important Notice to Freelance Authors- - 
See HELP FREELANCE for more information 

*** 

NEW FILES RELEASED 

***World News Connection (File 985) 
***Dialog NewsRoom - 2003 Archive (File 992) 

* * * TRADEMARKS CAN - Cz ech Republic (File 680) 

* * * TRADEMARKS CAN - Hunga ry (File 681) 

***TRADEMARKSCAN- Poland (File 682) 

* * * 

UPDATING RESUMED 

* * * 

RELOADED 

***Population Demographics -(File 581) 
***CLAIMS Citation (Files 220-222) 



r 



REMOVED 

***U.S. Patents Full text 1980-1989 (File 653) 

>>> Enter BEGIN HOMEBASE for Dialog Announcements <<< 
>>> of new databases, price changes, etc. <<< 
** * * 

KWIC is set to 50. 
HILIGHT set on as 

* * * * s ee HELP NEWS 225 for information on new search prefixes 
and display codes 

*** *** 



File 1:ERIC 1966-2003/Jun 17 

(c) format only 2003 The Dialog Corporation 

Set Items Description 



Cost is in DialUnits 
?b 155, 159, 5, 73 

20jun03 12:35:52 User259876 Session D518.1 
$0.31 0.089 DialUnits Filel 
$0.31 Estimated cost Filel 
$0.08 TELNET 

$0.39 Estimated cost this search 

$0.39 Estimated total session cost 0.089 DialUnits 



SYSTEM: OS - DIALOG OneSearch 

File 155: MEDLINE (R) 1966-2003/ Jun W3 

(c) format only 2 003 The Dialog Corp. 
*File 155: Medline has been reloaded and accession numbers, have 
changed. Please see HELP NEWS 155. 
File 159:Cancerlit 1975-2002/Oct 

(c) format only 2 002 Dialog Corporation 
*File 159: Cancerlit ceases updating with immediate effect. 
Please see HELP NEWS. 

File 5:Biosis Previews (R) 1969-2003/Jun W3 

(c) 2003 BIOSIS 
File 73 : EMBASE 1974 -2 003 / Jun W3 

(c) 2003 Elsevier Science B.V. 
*File 73: Alert feature enhanced for multiple files, duplicates 
removal, customized scheduling. See HELP ALERT. 



Set Items Description 

?s ( (antigen (w) presenting 

or polyepitope?) 
Processing 
Processing 
Processing 

1098808 
245395 
8712137 
39139 
89065 
8712137 
45691 
77385 
1088772 
115 
2837 



(w) cell?) or (dendritic (w) cell?)) (s) (array or multiple 



SI 



?s si (s) 



ANTIGEN 
PRESENTING 
CELL? 

ANTIGEN (W) PRESENTING (W) CELL? 
DENDRITIC 
CELL? 

DENDRITIC (W) CELL? 
ARRAY 
MULTIPLE 
POLYEPITOPE? 

((ANTIGEN (W) PRESENTING (W) CELL?) OR (DENDRITIC 
CELL?)) (S) (ARRAY OR MULTIPLE OR POLYEPITOPE?) 
(transfected or transformed or (genetically (w) modified)) 
2837 SI 



(W) 



142085 TRANSFHMED 
191036 TRANSFoSKd 
14 0768 GENETICALLY 
468466 MODIFIED 
19839 GENETICALLY (W) MODIFIED 

52 158 SI (S) (TRANSFECTED OR TRANSFORMED OR (GENETICALLY (W) 

MODIFIED) ) 

?s s2 and (differential (w) (display or screening or expression) ) 
158 S2 
838831 DI FFERENTI AL 
157054 DISPLAY 
536876 SCREENING 
2040746 EXPRESSION 

38823 DIFFERENTIAL (W) { (DISPLAY OR SCREENING) OR EXPRESSION) 

53 0 S2 AND (DIFFERENTIAL (W) (DISPLAY OR SCREENING OR 

EXPRESSION) ) 
?s s2 and (tumor or cancer) 
158 S2 
2133852 TUMOR 
2259658 CANCER 

54 78 S2 AND (TUMOR OR CANCER) 

?rd 

...examined 5 0 records (50) 
. . .completed examining records 

55 36 RD (unique items) 
?s s5 and review 

36 S5 
1432113 REVIEW 

56 4 S5 AND REVIEW 
?t s6/3,k/all 

6/3,K/l (Item 1 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts . reserv. 

09728020 21525235 PMID: 11668436 

Genetically modified dendritic cells in *cancer* therapy: implications 
for transfusion medicine. 

Foley R; Tozer R; Wan Y 

Department of Laboratory Medicine, Hamilton Health Sciences Corporation, 
Hamilton, Ontario, Canada. 

Transfusion medicine reviews (United States) Oct 2001, 15 (4) 
p292-304, ISSN 0887-7963 Journal Code: 8709027 
Document type: Journal Article; Review; Review, Tutorial 
Languages: ENGLISH 
Main Citation Owner: NLM 
Record type: Completed 

Genetically modified dendritic cells in *cancer* therapy: implications 
for transfusion medicine. 

/..susceptible to a variety of gene transfer protocols, which can be used 
to enhance biological function in vivo. Transduction of DCs with genes for 
defined *tumor* antigens results in sustained' protein expression and 
presentation of multiple *tumor* peptides to host T cells. Alternatively, 
DCs may be transduced with genes for chemokines or immunostimulatory 
cytokines. Although the combination of ex vivo DC expansion and gene 
transfer is relatively new, preliminary studies suggest that injection of 
*genetically* *modified* autologous DCs may be capable of generating anti- 
tumor* ' immune responses in patients with *cancer*. Preclinical animal 
studies showing potent antigen-specific *tumor* immunity after DC-based 
vaccination support this hypothesis and provide rationale to further 
evaluate this approach in patients. Preliminary human studies are now 
required to. . . 

... administration require the collaborative efforts of basic scientists, 
immunologists, clinical investigators, and transfusion medicine staff to 
ensure strict quality control of injected cellular products. This *review* 
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♦Review*: dendritic cell immunotherapy for melanoma. 

...elements. Since current therapy for melanoma is limited and associated 
with high toxicity and side effects, development of alternative approaches 
is imperative. The importance of *dendritic* *cells* (DCs) in immunity 
against tumours is now well established. DC immunotherapy for melanoma is 
possible but must be considered in terms of effectiveness and clinical... 

...HPC) in bone marrow or DC progenitors in peripheral blood. Generation of 
an effective ant i- tumour immune response will be dependent upon the 
presentation of *multiple* melanoma-specific antigens by both major 
histocompatibility complex (MHC) class I and class II molecules and 
stimulation of both tumour-specific cytotoxic T lymphocytes (Tc. . . 

... 1 '(Thl) cells. Different techniques for delivery of the priming antigen 
offer different advantages. DCs can be pulsed with peptide, protein or 
tumour cell lysate, *transf ected* with viral vectors or naked nucleic acid 
and tumour/DC hybridomas can also be generated. Repeated antigen 
administration into neighbouring lymph nodes appears to be... 
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Cell- & Tissue-based Therapy 

Genetically modified dendritic 
cells - a new, promising cancer 
treatment strategy? 

PJ Wysockit, P Grabarczyk, M Mackiewicz-Wysocka, DW Kowalczyk & 
A Mackiewicz 

r Department of Cancer Immunology, University School of Medical Sciences at GreatPoland Cancer 
Centre, Poznan, Poland 

Dendritic cells (DCs), the most potent antigen-presenting cells (APCs), were 
discovered almost 30 years ago. Due to the priming of antigen-specific 
immune responses mediated by CD4+ and CD8+ lymphocytes, DCs are crucial 
for the induction of adaptive immunity against cancer. Therefore, vaccination 
of cancer patients with DCs presenting tumour-associated antigens (TAAs) 
have been believed to be a promising anticancer strategy. Multiple clinical 
trials have been carried out in order to evaluate the safety and efficacy of 
cancer vaccines based on antigen-pulsed DCs. However, pulsing of DCs with 
particular peptides has several disadvantages: i) short-time duration of anti- 
gen-major histocompatibility complex (MHC) complexes, ii) a requirement 
for matching defined peptides with MHC complexes and iii) exclusive presen- 
tation of single antigen epitopes. Application of gene transfer technologies 
in the field of DC-based vaccines made possible the development of novel, 
anticancer immunisation strategies, in several animal models, DCs modified 
with genes encoding TAA or immunostirnulatory proteins have been shown 
to be effective in the induction of antitumour immune responses. Based on 
these encouraging results, a first clinical trial of prostate cancer patients vac- 
cinated with gene modified DCs has recently been initiated. In this article, 
methods used for genetic modification of DCs and anticancer vaccination 
strategies based on genetically modified DCs are reviewed. 

Keywords: cancer vaccine, cytokine, dendritic cell, genetic modification, tumour-associated antigens 
Expert Opin. Biol. Thar. (2002) 2(8): 835-845 

i. Introduction 

Dendritic cells (DCs) were discovered almost 30 years ago. Since then, intensive 
research has proven that they are professional antigen-presenting cells (APCs) fil. 
Due to the fact that DCs are crucial for effective induction of adaptive immune 
responses, DC-based vaccination has been proposed as a promising strategy for can- 
cer treatment [2,31 v Pulsing of DCs with synthetic peptides (epitopes) derived from 
known tumour-associated antigens (TA!As), such as MART-l/Melan-A, carcinoem- 
bryonic antigen (CEA) , tyrosinase, prostate specific membrane antigen (PSMA) or 
glycoprotein 100 (gplOO), was associated with induction of an effective, specific 
antitumour immune response. Currently, several clinical trials are being carried out 
in order to evaluate the efficacy of this strategy in different cancer types [4,5]. The 
early results demonstrate induction of antitumour immune responses in some 
patients immunised with vaccines consisting of TAA-pulsed DCs. In some cases 
the immunisation has been associated with partial or complete regression of 
tumours [6,7 1. However, pulsing of DCs with peptides has some limits: 
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• The duration of antigen presentation by DCs is restricted by 
the half-life of the peptide-major histocompatibility com- 
plex (MHC) complex created during the antigen pulsing. 

• The use of a defined peptide is limited only to patients who 
express a specific MHC haplotype [81 . 

Other methods used for generation of DC MHC-antigen 
peptide complexes are based on genetic modification of DCs 
and on protein-antigen transduction of DCs [85,861. Alterna- 
tively, hybrid cells (dendritomas) (DCs fused with tumour 
cells) have been shown to effectively stimulate antitumour 
immune responses in both animals and humans [104-108]. In 
this article, methods of genetic modification of DCs and 
approaches to cancer therapy utilising gene modified DCs 
are reviewed. 

2. The biology of dendritic cells 

The effective presentation of antigens by APCs is crucial for 
the development of an antitumoural immune response, that 
is, for the priming of naive, tumour-specific T helper and 
cytotoxic T lymphocytes (CTLs) [91 . 

The most potent APCs are DCs [1,111, which represent 
~ 0.3% of the entire circulating blood-leukocyte population 
and reside in the spleen, lymprT^nodes, circulaEicTn and 
:[ peripheral tissues. Although^ B cells and macrophages can 
■ also present antigens to memory T cells, they-afe far less 
? ^efficient than DCs [91. The MHC product and MHC-pep- 
* tide complexes are 10 - 100 times higher on DCs than on 
other APCs [lOU 

DCs residing in peripheral tissues are immature and act as 
sentinels. In the immature state they efficiently phagocytose 
both apoptotic and necrotic cells, microbe and particulate 
antigens, and through macropinocytosis take up soluble pro- 
, teins. The immature DCs are characterised by a low expres- 
sion of surface costimulatory molecules and a low level of 
cytokine secretion. Maturation of DCs is induced by a 
number of different stimuli which may act as 'danger signals'. 
Examples include: Mpopolysaccharides, apoptotic bodies, 
heat-shock proteins, activated T cells expressing CD40 lig- 
and, monocyte- conditioned media or cytokines [12,131. Upon 
maturation, DCs downregulate the inflammatory chemokine 
receptors and upregulate a CCR7 chemokine receptor, which 
makes them responsive to macrophage inflammatory pro- 
tein- 3p (MIP-3p) and 6Ckine which are expressed within 
the secondary lymphoid organs [141. Subsequendy, maturing 
DCs migrate to the T cell zones located in these lymphoid 
organs. During the maturation process DCs upregulate 
MHC class I and II complexes, adhesive and costimulatory 
molecules (CD40, CD54, CD80, CD86) and cytokines (for 
example, IL-4, IL-6, IL-12, IL-15, IL18, IFN-a). They also 
reorganise the cytoskeleton, developing extensive cytoplas- 
mic veils (for review, see [lOl). 

The mature human DCs most notably express the CD83 
molecule. However, murine DCs lack such an unique marker of 



maturation. Upon encounters with T cells (CD40-CD40L 
[ligand] interaction) DCs further upregulate their adhesive 
and costimulatory molecules and increase secretion of 
cytokines, thus effectively providing all three signals required 
for priming naive T cells: 

• Presentation of an antigen in the context of MHC I or II 
complexes to CD8+ or CD4+ lymphocytes, respectively. 

• Interaction between DC costimulatory molecules and the 
respective receptors located on lymphocytes. 

• Paracrine secretion of lymphocyte-activating cytokines. 

The most important feature of DCs, commonly known as 
cross-priming, consists of antigen uptake, processing, presen- 
tation and priming of antigen-specific T cells. A single DC is 
efficient for activation of 100 - 3000 T cells [11. Besides the 
priming of antigen-specific T cells (adaptive immunity), DCs 
have also been shown to activate innate effector cells (natural 
killer [NK] and natural killer T [NKT] cells), which may 
exhibit antitumour activity [91,921. 

3. Generation of dendritic cells 



Dendritic cells can be generated employing two different 
approaches: 

• Isolation of immature DC precursors from peripheral 
blood [15-171. 

• The in vitro culture of CD34+ progenitor cells or mono- 
cytes in the presence of cytokines [18-201. 

The first strategy is time-consuming and inefficient (imma- 
ture DCs precursors represent ~ 0.5% of peripheral blood 
mononuclear cells [PBMC]). However, this was the first 
method utilised in clinical studies of DC vaccination. 

The peripheral blood circulating CD 3 4+ haematopoietic 
progenitor cells and CD 14+ adherent monocytes cultured in 
the presence of granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and IL-4 differentiate into immature DCs 
within 5-7 days. They lose monocyte markers (CD 14 and 
CD 11 5) and acquire DC markers such as CDla [191. Such 
immature DCs demonstrate high phagocytic and antigen- 
processing activity [211. Maturation of these cells can be 
induced by culture in monocyte conditioned medium or in 
the presence of particular agents, such as TNF-a, lipopolysac- 
charide, IFN-a, IL-ip, CD40L or TRANCE. Mature DCs 
are thought to be more suitable for immunisation regimens 
than their immature counterparts, mostly due to their stable 
phenotype, high immunostimulatory capacity and increased 
trafficking to secondary lymphoid organs [22]. 

4. Genetic modification of dendritic c lis 

Genetic material can be transferred into DCs in the form of 
DN A or RNA, by either viral or non- viral systems. 

Non-viral gene delivery methods comprise naked DNA or 
RNA injection, electroporation, biolistic devices (gene gun) 
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and liposomes. DCs have been shown to be susceptible to 
transfection with plasmid DNA [231. Van Tendeloo and col- 
leagues analysed the efficacy of plasmid DNA transfer into 
CD 34+ progenitor cell- derived DCs, Langerhans cells and 
monocyte-derived DCs by electroporation and lipofection [241. 
The lipofection was totally unsuccessful but the efficacy of 
gene transfer by electroporation was 16% of Langerhans cells, 
12% of CD34+ derived DCs and < 2% of monocyte-derived 
DCs. The electroporation did not impair allostimulatory 
functions of DCs [25]. Most physical methods of gene trans- 
fection turned out to be toxic to DCs and to induce loss of 
phenotype and substantial cell death [251. The 15% DC trans- 
fection rate by electroporation is associated with a rapid 
decrease in their viability (< 60%) [24]. 

Despite the low level of plasmid DNA transfection, modified 
DCs are potent stimulators of immune responses. Monocyte- 
derived DCs transfected with the MART-1 gene were capable of 
naive CD8+ T-cell priming [261. Analogically, DCsxanJ^e effec- 
tively modified with tumour cell-derived RNA f27\28)./ 

The growing consensus is that viral gene delivery methods 
are far more efficient in modification of different cells than 
other, non-viral systems. The viral vectors are very efficient in 
transduction of target DCs but can also disturb their APC 
functions. There are three viral mechanisms of immune eva- 
sion which may hamper the generation of an immune 
response by infected DCs: 

• induction of cell death, inhibition of maturation or down- 
regulation of the costimulatory molecules 

• decrease of antigen presentation capacity, for example, 
downregulation of MHC complexes or disturbance to the 
TAP (transporter associated with antigen presentation) 
loading mechanism [291 

• indirect influence on the DC maturation stage by cytokines 

For example, infection with a vaccinia virus induces synthesis 
of TNF receptors andlL-IRs (interleukin- 1 receptors). It fur- 
ther leads to a reduction of the 'danger signals' induced by the 
viral infection itself [301. For the ex vivo genetic modification 
of DCs, several viral gene delivery systems are currently uti- 
lised. They comprise vectors based on vaccinia viruses, herpes 
simplex viruses (HSVs), adenoviruses, lenti viruses, retrovi- 
ruses and adeno -associated viruses (AAVs). 

4.1 Vaccinia virus-based vectors 

The vaccinia virus belongs to the orthopox virus family. Viral 
particles are brick -shaped and can carry up to 25 kb of heter- 
ologous double-stranded DNA. As a gene delivery tool, they 
display a relatively broad tropism and a high level of transgene 
expression. Vaccinia-based viral vectors are derived from 
highly attenuated virus strains or strains deficient for late gene 
expression [31,321. Vaccinia vectors are not capable of transduc- 
ing CD34+ progenitor cells but can deliver genes into DCs 
differentiated from such precursors [331 . Vaccinia vectors effec- 
tively transduce DCs at a low multiplicity of infection (MOI), 



and several studies have shown that up to 60% of DCs can be 
transduced at an MOI of 2.5 [31,341. 

4.2 Herpes simplex virus-based vectors 

HSV is a large, linear, double-stranded DNA virus with > 80 
identified genes located within a 152 kb genome. The wild 
type viruses are able to both infect cells lytically and to estab- 
lish latency in specific cell types such as neurons. A recom- 
binant HSV vector enters a latency state in all cells. The major 
advantage of HSV vectors is the very large capacity for carry- 
ing transgenes of up to 50 kb. It makes possible a modifica- 
tion of DCs with several therapeutic genes utilising a single 
recombinant HSV vector, for example, genes encoding several 
TAAs along with genes coding for different immunomodula- 
tors such as IL-12 and IL-2 [35,361. 

4.3 Adenoviral vectors 

Adenoviruses are linear, 30 - 35 kb, double-stranded DNA 
viruses that usually cause upper respiratory tract and eye 
infections in human. Almost all recombinant adenoviral vec- 
tors are derived from human serotypes 2 or 5 of the group C 
adenovirus. There are several advantages of adenoviral vectors: 

• high titre (10 12 - 10 13 viral particles/ml) 

• ability to infect a wide variety of cell types, including termi- 
nally differentiated or postmitotic cells 

• accommodation of up to 8 kb (first generation) or up to 30 kb 
(third generation) of foreign DNA (expression cassettes) 

Deletion of the El early gene within an adenoviral vector 
renders it replication deficient and creates a space for cloning of 
a transgene. Viral proteins encoded by the early genes (El -E5) 
are involved in the induction of antiadenoviral immune 
responses (humoral and cellular), which limits the duration of 
transgene expression and precludes secondary in vivo adminis- 
tration [87-901 ■ However, in the case of the ex vivo modified 
DCs, the antiadenovirus immunity may act as an adjuvant, 
increasing CTL responses against presented antigens. Indeed, 
in the study of Wan Y and colleagues, murine DCs modified 
with an adenoviral vector carrying a TAA effectively induced 
tumour regression even in the presence of a strong antiadeno- 
virus immune response [371. Similar results were obtained by 
Kaplan and colleagues who studied the efficacy of DCs trans- 
duced with adenovirus encoding the gplOO antigen in a 
murine model of malignant melanoma [381. The second gener- 
ation adenoviral vectors which lack further early genes, for 
example E3 and E4, are safer, less immunogenic and more 
efficacious in animal models [39,401 as well as in humans [411. 

The uptake of adenoviral vectors is mediated by the ayp 5 
integrin which is mosdy expressed on immature DCs. A suc- 
cessful transduction of mature DCs requires a very high 
MOI [421. However, effective transduction of mature DCs 
(> 90%) at high a MOI (> 100) is not associated with any 
perturbation of DC function. In order to improve the effi- 
cacy of adenovirus-mediated DC transduction, Tilman and 
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colleagues have modified the vectors tropism by targeting it 
with a bispecific antibody to CD40 or P x integrins on human 
DCs. Adenoviral vectors targeted to the CD40 receptor not 
only effectively transduced DCs (at a relatively low MOI 
[< 100]) but also induced their maturation, as demonstrated by 
an increased expression of MHC, CD80, CD83, CD86 and 
IL-12 molecules. Targeted transduction of DCs was also associ- 
ated with an enhanced expression of a reporter gene [431. A rela- 
tively high DC transduction efficiency was also achieved by 
mixing adenovirus with liposomes [441 and by utilisation of ade- 
novirus-polyethylenimine complexes in which plasmid DNA 
was bound to adenovirus particles by polyetJiylerurrime [33,451. 

4.4 Retroviral vectors 

Retroviruses are single-stranded RNA oncoretroviruses, which 
infect dividing cells and integrate their own genetic material 
with the host genome. Moloney murine leukaemia virus- 
based retroviral vectors are the most frequently used in clinical 
trials so far. Retroviruses enter the target cells through PiT 
receptors, the density of which influences the transduction 
efficiency [46]. The retroviral vectors are made replication 
incompetent by replacing their gag, pol and env genes with a 
coding cassette that usually consists of a marker and therapeu- 
tic gene. Retroviral vectors for genetic modification of DCs 
have two main advantages: 

• integration with the host genome, providing long-term 
gene expression 

• lack of immunogenecity due to the removal of genes encod- 
ing viral proteins * 

The major limitation of retroviral vectors is the fact that they 
transduce only dividing cells. Modification of DCs differenti- 
ated from CD34+ progenitors or isolated from peripheral 
blood is therefore theoretically impossible. However, some 
investigators have reported an effective transduction of non- 
dividing DCs [47-491. A much more feasible approach seems to 
involve transduction of dividing CD34+ progenitor cells 
which will be further used for generation of DCs [50,511. 

There are two methods of CD34+ cell transduction by a 
retroviral vector: 

• co-culture of CD34+ cells with packaging cell lines, secret- 
ing recombinant retroviruses into the medium 

• incubation of CD34+ cells in cell-free viral supernatants 

Due to safety concerns the second approach is more likely to 
be used in clinical trials. However, due to the low viral titre 
(10 6 ~ 7 colony forming units [CFU]/ml) it requires large vol- 
umes of retrovirus- containing supernatants. On the contrary, 
retroviral vectors pseudotyped with a vesicular stomatitis 
virus G protein can be produced in higher titres (up to 
10 9 CFU/ml), are more stable in vitro and enter target cells 



through PiT-independent pathways. The last feature is 
important, since there is a lack of functional PiTl and PiT2 
expression on haematopoietic stem cells [521. 

The average transduction efficacy of bone marrow- and 
cord blood-derived DCs is -10 and 20%, respectively [491. 
However, Heemskerk and colleagues achieved a 40 - 60% cell 
transduction rate [531, and Movassagh and colleagues demon- 
strated that > 70% of DCs derived from cord blood or mobi- 
lised progenitors may be transduced by infection with a 
gibbon ape leukaemia virus-pseudotyped retroviral vector [541. 
Transduction of DCs by retroviral vectors is not associated 
with alterations of their phenotype or function [491. 

4.5 Lentiviral vectors 

Unlike retroviral vectors, lentiviral vectors based on HIV or 
simian immunodeficiency virus (SIV) are able to transduce 
non-dividing cells, including monocyte-derived DCs [55-591. 
Gruber and colleagues have demonstrated that HIV- 1 based 
lentiviral vectors can transduce both immature and mature 
DCs [551. At an MOI of 5, 26% of immature and 5% of 
mature DCs have been transduced. At an MOI of 50, the 
immature DC transduction rate increased to 50%. Imma- 
ture DCs modified by lentiviral vectors can still be induced 
to mature and their viability and phenotype are not signifi- 
cantly altered. Negre and colleagues have demonstrated that 
SIV- based lentiviral vectors were capable of transducing 
DCs [56]. Unlike HIV-based, vectors the SIV-derived carriers 
were more effective in transduction of mature than imma- 
ture DCs (32 versus 10% at an MOI of 10). Moreover, lenti- 
viral vectors are very effective in genetic modification of 
stem cells or CD34+ progenitor cells which may be further 
differentiated into DCs. 

Although the lentiviral vectors are extremely effective and 
safe gene delivery tools, there are still some physiological con- 
cerns associated with their potential use for clinical trials. 

4.6 Adeno-associated viral vectors 

AAV is a member of the parvovirus family which comprises 
small (4.7 kb), non-pathogenic, single-stranded DNA 
viruses requiring a helper virus (adenovirus or HSV) for rep- 
lication. AAV is a human virus and 32% of adult humans 
possess pre-existing antibodies that prevent transfection 
in vitroby the AAV2 serotype from which most AAV vectors 
are derived. The recombinant AAV vector is able to accom- 
modate up to 4.5 kb DNA between inverted terminal 
repeats and can infect a wide variety of cells both in vitro 
and in vivo [93,941. Both human peripheral blood [95,961 and 
murine bone marrow- and spleen- derived DCs [971 can be 
transduced with AAV vectors. There are three main advan- 
tages of recombinant AAVs (rAAVs) in terms of genetic 
modification of DCs: 
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• transduction of both dividing and non-dividing cells allows 
for modification across a broad range of activation or matu- 
ration states 

• lack of viral coding sequences minimises the competition 
between transgene and viral peptides for MHC presenta- 
tion [98-1001 

• capacity for persistent transgene expression [1091 

Transduction of DCs with rAAV is not associated with 
changes in DC phenotype nor with an increased allostimula- 
tory capacity as compared with non-transduced DCs [951. 

4.7-Limitati ons associa ted.with use of viral vectors ^ 

* f Most viral vectors used for modification of DCs introduce^ 
f sequences encoding viral proteins that may interfere with gen- 
era ting a potent antitumour immune response. Viral antigens 
may mask or suppress induction of an immune response 
against less potent tumour antigens in a process called immu- 
snodominance [10117" Moreover, activated- virus- specific'CTLs 
majn-ecogriise* and kill DCs simultaneously presenting viral 
and tumour antigens [1021. Although modification of DCs 
with viral vectors lacking viral sequences leads entirely to 
expression of the desired transgenes, viral proteins may be stilly 
/ ingested, processed and presented by DCs, so the_potential 
I problem of immuno dominance may be unavoidable even 
\ with these improved vectors [1031. 

5. Cancer treatment strategies based on gene 
modified dendritic cells 

Tumours can effectively evade the immune system by several 
mechanisms not only confined to cancer cells, but also 
related to impaired function of immune responses in a 
tumour bearing host. The lack of 'danger signal' during the 
initial phase of tumour growth precludes the involvement of 
DCs and the subsequent priming of tumour specific 
immune responses in secondary lymphoid organs. Naive 
lymphocytes recognising TAAs present on cancer^eells^do 
not receive all signals required for thei r priming-*and"~as 
consequenc^becT5me ~anefgisecl""[ 1 2 , 1 3ir~However, DC -acti- 
vated tumour-specific lymphocytes can effectively destroy 
tumour cells after recognition of a target antigen presented 
in the context of MHC molecules on their surface. There- 
fore, several DC -based anticancer strategies are being devel- 
oped in order to induce an effective, antitumour immune^ 
response in cancer bearing hosts (Figure 1). 



5.1 Dendritic cells modified with genes encoding 
tumour-associated antigens 

Modification of DCs with genes encoding whole tumour 
antigens avoids limitations associated with pulsing of DCs 
with defined TAA epitopes. Expression of introduced genes is 
long lasting and the same gene construct may be inserted into 
DCs derived from different patients (matching of MHC mol- 
ecules is not required) . 



Yang and colleagues have analysed the function of DCs in 
the processing and presentation of epitopes derived from the 
gplOO antigen [231. They have pulsed DCs with three defined 
gplOO-derived peptides or transduced them with a vaccinia 
virus carrying a whole gplOO gene. CTLs generated by the 
peptide-pulsed DCs lysed only MHC-matched Epstein-Barr 
virus (EBV) transformed B cells pulsed with the same peptide. 
However, CTLs generated by DCs expressing the whole 
gplOO gene efficientiy lysed MHC-matched B cell lines 
pulsed with any of the analysed peptides. Furthermore, CTLs 
induced by genetically modified DCs exhibited a strong cyto- 
toxic response against allogenic MHC-matched gplOO-posi- 
tive melanoma cells. 

Expression of both MHC class I and II complexes and pres- 
entation of endogenous or exogenous antigens in the context of 
those molecules enables DCs to stimulate both CD8+ and 
CD4+ Tcell responses. In the study of Perez-Diez and col- 
leagues, autologous DCs from melanoma patients or healthy 
donors transduced with an adenoviral vector carrying the 
MART-1 gene induced both CD4+ and CD8+ T cells in vitm. 
In response to several rounds of stimulation, CD4+ and CD8+ 
{ T cells secreted IFN-Y (601. Expression of IFN-y by T cells sug- 
gests that DCs modified to express TAA may generate a potent 
helper T cell-1 (Thl)-type immune response. DCs modified 
with liposome complexes carrying another TAA gene, gplOO, 
induced a strong and effective immune response against autolo- 
gous tumours expressing gplOO and this response also 
depended on both CD4+ and CD8+ T cells. Moreover, this 
strategy was far more effective than immunisation of mice with 
a naked plasmid encoding the gplOO protein [231. Protection of 
animals after administration of DCs expressing TAA requires 
the presence of CD4+ and CD8+ T cells during both the prim- 
ing and challenge phases. In the study of Metharom and col- 
leagues, DCs modified to express the mTRP-2 gene, a tumour 
rejection antigen for B16 melanoma, cured four of seven mice 
with pre-established tumours [611. In another study, DCs trans- 
duced with an adenoviral vector encoding a model antigen, 
p-galactosidase (p-gal), have been shown to protect mice from a 
lethal tumour challenge. Mice that have been given an intrave- 
Vious injection of murine colon carcinoma cells expressing p-gal 
developed pulmonary metastases within several days. However, 
mice preimmunised with DCs expressing the p-gal antigen 
/were fully protected. In the same study, mice with pre-estab- 
lished lung metastases after administration of p-gal- modified 
DCs survived significantiy longer than untreated control ani- 
mals [621. The antitumour immunity of animals vaccinated with 
DCs modified with the p-gal gene was long- lasting and was 
shown to be fully effective even at 300 - 400 days postimmuni- 
sation [631. In order to improve the efficacy of immunisation 
with DCs modified to express TAAs, Kaplan and colleagues 
have tested a combination of two DC populations expressing 
gplOO and TRP genes in mice with pre-established subcutane- 
ous melanomas. Such a combinatory therapy resulted in an 
enhanced inhibition of tumour growth as compared with 
administration of either DC population alone [381. 
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Figure 1 . Cancer treatment strategies based on gene modified DCs. 

AAV: Adeno-associated virus-based vectors; AdV: Adenoviral vectors; GM-CSF: Granulocyte macrophaqe-colony stimulating factor; HSV: Herpes simplex virus-based 
vectors; LV: Lentiviral vectors; MART: Melanoma antigen recognised by T cells; RV: Retroviral vectors; TRP: Tyrosinase related protein; W: Vaccinia virus-based vectors. 



Not all cancer cells express the well known, tumour-spe- 
cific TAAs or may even express mutated versions of these. 
Thus, tumours may evade immune response induced by DCs 
modified to express the defined TAAs. However, modification 
of DCs with the entire cancer cell-derived genetic material 
may enable them to present different, even previously unchar- 
acterised TAAs to immune cells and to stimulate polyclonal, 
cancer-specific CTLs [64-66]. DCs pulsed with unfractionated 
RNA derived from tumour cells expressing the model antigen 
OVA (chicken ovalbumin) have been shown to stimulate 
potent, primary CTL responses in vivo and to induce protec- 
tion of vaccinated animals from a subsequent challenge with 
OVA-expressing cancer cells [281. Immunisation of mice with 
DCs modified with RNA derived from poorly immunogenic, 



highly metastatic B16/F10 melanoma cells induced protec- 
tion against CNS tumour challenge [67]. The efficacy of such a 
strategy of vaccination was at least equal as compared to 
immunisation with B16 tumour cells secreting GM-CSF [671. 
Zhang et al. vaccinated mice with as few as 4 x 10 4 DCs 
loaded with tumour RNA and demonstrated: 

• tumour-specific CTL activity 

• protection of immunised animals against tumour rechallenge 

• reduction in pulmonary metastases 

• prolonged survival in the 3LL and B16 tumour models [271 

Heiser and colleagues have recentiy published results from a 
Phase I clinical trial of metastatic prostate cancer patients 
vaccinated with PBMC-derived DCs modified with mRNA 
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encoding prostate-specific antigen f681. Repeated vaccina- 
tions with escalating doses of RNA-modified DCs (up to 
5 x 10 7 ) decreased serum prostate-specific antigen velocities 
in six of seven patients and were associated with temporary 
complete clearance of blood-born circulating cancer cells in 
three of seven patients. 

5.2 Dendritic cells modified with genes encoding 
immunostimulatory factors 

Induction of antigen-specific T cell -mediated immune 
responses by DCs depends not only on presentation of anti- 
gens in the context of MHC complexes, but also on two fur- 
ther signals: costimulatory molecules (CD40, CD80, 
CD86) and cytokines (IL-12, IL-2, IL-10. TNF-ct, IL-ip 
and IL-6). Multiple studies have been carried out in order to 
evaluate the effectivity of DCs modified with genes encod- 
ing immunostimulatory proteins in the induction of 
tumour-specific immune responses. 

DCs modified to express IL-12 have been shown to induce 
a potent antitumour immune response [69-711. In a murine 
model of colon cancer, intratumoural administration of DCs 
adenovirally transduced with the IL-12 gene inhibited growth 
of subcutaneous tumours. This effect was associated with an 
increased infiltration of tumours with CD4+ and CD8+ 
T cells and with polarisation of an immune response toward 
Thl/Tcl cells [691. In another study in three weakly immuno- 
genic tumour models, intratumoural administration of bone 
marrow-derived IL-12 -expressing DCs resulted in a complete 
regression of established tumours. The induced immune 
response was associated with the production of IFN-y by 
Th cells [701. In addition, in a murine model of neuroblast- 
oma, the intratumoural injection of DCs modified to express 
IL-12 induced a complete regression of tumours within 
3 weeks. This effect was also associated with decreased apop- 
tosis of tumour infiltrating cells [711. 

Transfection of immature DCs with a GM-CSF gene 
did not increase the immunostimulatory capacity of DCs, 
as demonstrated by analysis of MHC and costimulatory 
molecule expression as well as by antigen presentation to 
T cells in vitro. However, when administered in vivo, 
GM-CSF-expressing DCs demonstrated an enhanced 
migration into lymph nodes and induced a more potent 
immune response against different antigens tested as com- 
pared to unmodified DCs [721. 

DCs transduced with a retroviral vector carrying an IL-7 
gene increased in an autologous mixed lymphocyte reaction 
(MLR) T cell proliferation by a factor of 2 and in allogenic 
MLR by a factor of 2.7, as compared with unmodified 
DCs [471. Miller and colleagues analysed the effect of intra- 
tumoural administration of DCs modified to express 
IL-7 [731. In two murine lung cancer models, DCs trans- 
duced with an adenovirus carrying IL-7 gene induced an 
extremely potent and long-lasting antitumoural immune 
response comparable to intratumoural administration of an 
adenovirus encoding IL-7. However, mice that rejected 



tumours after administration of the genetically modified 
DCs were totally protected from a subsequent tumour 
rechallenge, whereas, only 20 - 25% of animals treated with 
adenovirus encoding IL-7 survived the rechallenge. 

In a few studies, DCs modified simultaneously with genes 
encoding TAA and cytokines have been shown to induce 
potent antigen-specific antitumour immune response. In a 
study by Nakamura and colleagues, DCs transduced with an 
adenoviral vector carrying GM-CSF and gp70 (murine 
colon carcinoma antigen) genes have been shown to be supe- 
rior in the induction of antitumour immune responses to 
DCs expressing exclusively the gp70 gene. Secretion of 
GM-CSF by transduced DCs enhanced the expression of 
CCR7.on DCs, which is crucial for an effective trafficking 
of DCs towards secondary lymphoid organs. Human DCs 
simultaneously expressing IL-2 and a MUC-1 (mucin- 1) 
antigen have also been shown to effectively stimulate prolif- 
eration ^autologous lymphocytes in MLRs [741. Similarly 
Tuting^f al. have modified human monocyte-derived DCs ^ 
.with genes-encoding malignant melanoma antigens (Mage^l^ f 
Mage-3<MART-^Melan A, pMeU'7/gpl00 or tyrosinase). > 
Cotransduction of those DCs expressing TAA with genes *. 
encoding IL-12 or IFN-OC resulted in a strong activation of 
antigen-specific CTLs and polarisation. of_the immune^ 
^response toward Thl type cells' [751.. 
^Another strategy_of„modifying DCs with genes encoding 
immunostimulatory molecules was tested by Kikuchi and col- 
leagues [761. Murine bone marrow-derived DCs have been 
transduced with an adenoviral vector encoding CD40L pro- 
tein. CD40L, usually expressed by CD4+ T cells, interacts 
with a CD40 located on the surface of DCs [76]. Several recent 
reports suggest that DCs cannot stimulate CTLsdirectly unless 
they are first stimulated via CD40 [77-791. CD 40 triggering by 
CD4+ T cells results in an upregulation of adhesion and cos- 
timulatory molecules and production of several inflammatory 
cytokines and chemokines such as IL-12 and MIP-lcc [80^821. 

Intratumoural injection of CD4 OL-expressLng DC into B16 
and CT26 tumours induced a strong inhibition of tumour 
growth and significantly extended survival of treated animals, as 
compared to unmodified DCs. Moreover, splenocytes obtained 
from mice treated with CD40L-expressing DCs were able to 
transfer tumour-specific immunity to naive recipients [761. 

6. Expert opinion 

Genetically modified DCs have been shown to be effective in 
the induction of antigen-specific immune responses both 
in vitro and in vivo. The relatively uncomplicated techniques 
of DC generation and continuous development of gene 
transfer technologies have made possible the genetic modifi- 
cation of both bone marrow- derived and PBMC-derived 
DCs. Although several cancer patients have already been vac- 
cinated with genetically modified DCs, there are still some 
concerns associated with this strategy. Administration of 
DCs modified with the whole tumour-derived RNA. or 
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expressing TAAs that are also shared by normal cells, may 
lead to autoimmune reactions. Ludewig and colleagues dem- 
onstrated that DC- based vaccination of transgenic mice 
against tumour cells expressing an antigen also shared by cells 
in particular organs (cardiomyocytes or pancreatic [3- islet 
cells) induced eradication of implanted tumours. However, it 
was also associated with fatal, destructive autoimmune reac- 



modification of DC precursors. However, since they are 
based on a deadly pathogen, every single concern must be 
cleared before they are moved from laboratory benches to 
clinics. Integration of a retroviral vector with host genome 
may also induce expression of silenced oncogenes by promot- 
ers located within long-terminal repeat sequences . 
^Lr conclusion, genetically modified DCs are a very promis^ 



tions resulting in myocarditis, arteritis, dilated cardiomyopa- /^% strategy of cancer therapy. However, there is still a huge 
thy or diabetes [841. ^ need for identification of additional, unique TAAs and for fur- 

Additional concerns are also associated with the use of\ ther exploration of the cytokine networks. These elements' 
viral vectors. The lentiviral vectors seem to be one of the \seem to be crucial for construction of the next generattons'of 
most potent gene delivery vehicles for purposes of genetic safer-effective and feasible DC- based cancer vaccines^ 
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Genetically modified dendritic cells - A new, promising *cancer* 
treatment strategy? 

. . .Due to the priming of antigen-specific immune responses mediated by 
CD4+ and CD8 + lymphocytes, DCs are crucial for the induction of adaptive 
immunity against *cancer*. Therefore, vaccination of *cancer* patients with 
DCs presenting tumour-associated antigens (TAAs) have been believed to be a 
promising anticancer strategy. Multiple clinical trials have been carried 
out in order to evaluate the safety and efficacy of *cancer* vaccines based 
on antigen -pulsed DCs. However, pulsing of DCs with particular peptides has 
several disadvantages: i) short-time duration of antigen-major 
histocompatability complex. . . 

. . .proteins have been shown to be effective in the induction of antitumour 
immune responses. Based on these encouraging results, a first clinical 
trial of prostate *cancef* patients vaccinated with gene modified DCs has 
recently been initiated. In this article, methods used for genetic 
modification of DCs and anticancer vaccination strategies based on 
*genetically* ^modified* DCs are reviewed. 
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Gene transfer of cytokine genes such as IL-2, IL-4, IL-7, IL-12, 
IFN-gamma, TNF-alpha and GM-CSF into *tumor* cells were shown to be able to 
induce a systemic anti-*tumor* immune response. Based on the animal *tumor* 
models, a number of clinical protocols have been developed to treat 
*cancer* patients with cytokine gene-modified *tumor* cells. Clinical phase 
I studies were initiated with autologous melanoma cells being *transf ected* 
either with both chains of the IL-12 gene or with the IL-7 gene. Evaluation 
of the first 10 patients immunized with autologous, IL. . . 

...the feasibility of such an approach, however, no major clinical response 
was achieved. Furthermore, peripheral blood lymphocytes were found to 
contain an increased number of * tumor* -reactive T-cells after immunization. 
The magnitude of the T-cell reactivity was found to be highly associated 



with the patients' Karno^^-- index and recall... 

...were immunized with autologous IL-12 gene modified melanoma cells. 
Clinically, there was no major toxicity except for mild fever. 
Post -vaccination, the number of * tumor* -reactive proliferative as well as 
cytotoxic T-cells was significantly increased in 2 patients (up to 
15-fold) . Two patients developed delayed type hypersensitivity (DTH. . . 

. . .gene -modified melanoma cells induced, even in far advanced/terminally 
ill patients, immunological changes which can be interpreted as an 
increased antitumor immune response. Since *dendritic* . *cells* (DC) can now 
easily be generated from different sources including peripheral blood, 
these cells can either be used after pulsing with peptides or after 
transfection with a *tumor* antigen for vaccination of *cancer* patients. 
The implication for vaccine design is that DC would be more potent than 
*tumor* cells as immunogens . In a clinical pilot study, DC were generated 
in the presence of GM-CSF and IL-4 and were pulsed with *tumor* lysate or a 
cocktail of peptides known to be recognized by CTLs depending on the 
patient's HLA haplotype. Sixteen patients with advanced melanoma were 
immunized on an outpatient basis. Vaccination was well tolerated. 
*Multiple* peptides were used to diminish the chances of immune escape in a 
given patient. In 4 patients, *tumor* lysate was used instead of peptide as 
source of *tumor* antigen. Significant DTH-reactivity against DC pulsed 
with melanoma-associated peptides was observed in 5 patients with 4 of 
these patients demonstrating a major clinical... 
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express melanoma antig^A elicit primary cytotoxic T^Bp.1 responses in 
vitro: enhancement by ^ro trans feet ion of genes encodin^^the Thl-biasing 
cytokines IL-12 and IFN- alpha. 
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. . . study we have evaluated the feasibility of DNA vaccination for the 
induction of CTL reactivity to five different melanoma Ags in vitro. 
Cultured, monocyte-derived *dendritic* *cells* (DC) were transiently 
*transf ected* with plasmid DNA encoding human MART-l/Melan-A, 
pMel-17/gpl00, tyrosinase, MAGE - 1 , or MAGE -3 by particle bombardment and 
used to stimulate autologous PBMC responder T cells. CTL reactivity to 
these previously identified melanoma Ags was reproducibly generated after, 
two or three stimulations with *genetically* *modified* DC. Co-ordinate 
transfection of two melanoma Ag cDNAs into DC promoted CTL respond^rs 
capable of recognizing epitopes from both gene products. Coinsertiop of 
genes encoding the Thl-biasing cytokines IL-12 or IFN-alpha consistently 
enhanced the magnitude of the resulting Ag-specific CTL reic^.vity. 
Importantly, DC *transf ected* with a single melanoma Ag cDNA were capable 
of stimulating Ag-specific CTL reactivity restricted by *multiple* host MHC 
alleles, some of which had not been previously identified. These results 
support the inherent strengths of gene-based vaccine approaches that do not 
require prior knowledge of responder MHC haplotypes or of relevant 
MHC-restricted peptide epitopes. Given previous observations of in situ 
*tumor* HLA allele-loss variants, DC gene vaccine strategies may elicit a 
greater diversity of host therapeutic immunity, thereby enhancing the 
clinical utility and success of . . . 
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Multicomponent gene therapy vaccines for lung *cancer* : effective 
eradication of established murine tumors in vivo with interleukin-7/herpes 
simplex thymidine kinase- transduced autologous * tumor* and ex vivo 



activated dendritic cell^^ft 

Multiple antitumor mocRities may be necessary to ovei^^ie lung * tumor* 
-mediated immunosuppression and effectively treat non-small cell lung 
*cancer* (NSCLC) . To evaluate a multimodality gene therapy approach for 
control of local *tumor* growth, a weakly immunogenic murine alveolar cell 
carcinoma, L1C2, was transduced with either the 

interleukin-7/hygromycin-herpes simplex thymidine kinase (IL-7/HyHSVtk) 
•internal ... 

. . .gene. Of the many cytokines available for gene transfer, IL-7 was chosen 
for these studies because it both stimulates CTL responses and 
down-regulates *tumor* production of the immunosuppressive peptide 
TGF-beta. Following selection in hygromycin, IL-7 transduction was 
confirmed by ELISA . Clones produced 1.25 to 10 ng of IL-7/ml/10 (6) cells 
per 24 h. In vitro, *genetically* *modified* *tumor* cells were 
significantly more sensitive to ganciclovir (GCV) than unmodified parental 
*tumor* cells. The in vivo growth of ex vivo modified L1C2 cells was 
evaluated. There was a dose-response relationship between the amount of 
IL-7 secreted in vitro and the growth of ^genetically* *modified* murine 
* tumor* in' vivo. Transduced *tumor* cells regressed in mice following GCV 
therapy. Although ex vivo gene modification of *tumor* cells led to 
complete resolution of the *tumor* following implantation in vivo, IL-7 and 
HSVtk gene modified *tumor* cells were not effective in treating 
established parental tumors. However when 5 x 10(5) bone marrow-derived, in 
vitro activated *dendritic* *cells* (DC) were administered in combination 
with transduced *tumor* and GCV, 5 day old established tumors were 
eradicated in 80% of mice. These studies suggest that multicomponent 
vaccines may facilitate improved host responses by. . . 
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Major histocompatibility complex class II -associated peptides determine 
the binding of the superantigen toxic shock syndrome toxin- 1. 
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. . . and interact with variable parts of the T cell, antigen receptor (TCR) 
beta -chain. Cross -linking the TCR with MHC class II molecules on the 
*antigen*-*presenting* *cell* by the superantigen leads to T cell 
activation that plays an essential role in pathogenesis. Recent 
crystallographic data have resolved the structure of the complexes... 

. . . peptides by employing variants of T2 mutant cells "deficient in loading 
of peptides to MHC class II molecules as superantigen-presenting cells. On 
HLA-DR3-* trans f ected* T2 cells, presentation of TSST-1, but not SEB, was 
dependent on HLA-DR3 -associated * peptides. Thus, although these 
superantigens can be- recognized in the context of *multiple* MHC class II 
alleles and isotypes, they clearly bind to specific subsets of MHC 
molecules displaying appropriate peptides. 

IM; Lymphocyte Activation; Macromolecular Systems; Molecular 
Sequence Data; Peptide Fragments- -immunology- -IM; Peptide Fragments 
- -metabol ism- -ME ; Protein Binding ; Superant igens - - immunology- - IM ; 

T- Lymphocytes- -metabolism- -ME; *Tumor* Cells, Cultured 



7/3,K/4 (Item 1 from file: 159) 

DIALOG (R) File 159 : Cancerl.it 

(c) format only 2002 Dialog Corporation. All rts . reserv. 

02231764 PMID: 96606684 

*Tumor* cells transfected with B7-1 + IL-12 CDNA induce lasting 
protective immunity (Meeting abstract) . 

Ksander; Podack; Chen 

Dept. of Ophthalmology, Harvard Medical School, Boston, MA 02114 

FASEB J 1995, 9 (3), ISSN 0892-6638 

Document Type: MEETING ABSTRACTS 

Languages: ENGLISH 

Main Citation Owner: NOTNLM 

Record type: Completed 

♦Tumor* cells transfected with B7-1 + IL-12 CDNA induce lasting 
protective immunity (Meeting abstract) . 

Successful activation of specific T cells requires *multiple* 
costimulatory signals provided by *antigen* *presenting* *cells*; B7-1 
which stimulates differentiation of precursor cytotoxic T cells, and IL-12 
which stimulates differentiation of precursor T helper cells to become Thl 
type cells. In an effort to increase the immunogenicity of *tumor* cells 
and activate *tumor* -specif ic T cells, we *transf ected* P815 cells with 
CDNA for either B7-1 and/or IL-12 p35 and p40 chains. Untransf ected P815 
cells grow progressively and fail to induce * tumor* -specific T cells when 
injected into the flank of syngeneic mice. Expression of B7-1 alone results 
in the elimination of the primary *tumor* and induction of *tumor* -specif ic 
cytotoxic T cells. However, immunity is transient and only slows the growth 
of a secondary *tumor* challenge (100% * tumor* incidence) . Similarly, mice 
immunized with transf ectants that secrete IL-12 alone also failed to induce 
protective immunity to a second *tumor* challenge (100% incidence) . By 
contrast, mice immunized with transf ectants expressing B7-1 and secreting 
IL-12 were protected from a second *tumor* challenge (20% *tumor* 
incidence) . We conclude that expression of B7-1 and secretion of IL-12 by 
P815 *tumor* cells induces a long-lasting and protective memory T cell 
response, and we suspect that this results from the induction of both 
cytotoxic T cells. . . 
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Mucin, encoded by the MUC-1 gene, is a transmembrane molecule which 
consists of *multiple* tandem repeats of a 20 amino acid sequence highly 
glycosylated by O-linked sugars. Both normal and malignant epithelial cells 
produce mucin, however, the * tumor* specificity of ant i -mucin antibodies 
has been attributed to incomplete glycosylation of mucin by malignant 
cells. The importance of mucins as *tumor*-associated antigens has recently 
been increased by our finding that cytotoxic T lymphocytes (CTL) can 
recognize mucin produced by malignant and not by normal cells. We 
constructed several plasmid vectors which allow mucin production in 
different cell types, including autologous *antigen* *presenting* *cells* 



(APC) , such as B cell^^fcid *dendritic* *cells* . EBV imra^fcfalized B cells 
from *cancer* patients, *wransf ected* with mucin cDNA, prc^Re an unlimited 
supply of autologous, mucin-bearing cells to use both as stimulators and as 
targets to detect anti-mucin immunity. We have shown in vitro that 
transfection of autologous B cells with mucin confers upon them *tumor* 
antigen presenting ability. In chimpanzees we have successfully elicited 
mucin specific T cell responses by immunizing with autologous B cells 
*transf ected* with MUC1. It is attractive to postulate that these 
transf ectants may be a vaccine of choice, capable of stimulating effective 
helper as well as cytotoxic T cell responses. We have established a 
reproducible system for growing human as well as chimpanzee *dendritic* 
*cells* and for their transduction with a retroviral vector carrying MUC1 
cDNA . The mucin polypeptide core consists of many perfectly conserved, 
tandemly repeated 20 amino acids... 

. . . vitro, but that the synthetic peptide corresponding to five tandem 
repeats has that capacity. The long peptide has allowed us to determine 
that 10% of *cancer* patients make antibodies directed to the mucin tandem 
repeat core, and to the same epitope detected by mouse antibodies and human 
T cells. This long peptide is the first formulation of a mucin-based 
vaccine that we are currently testing in breast, pancreatic and colon 
*cancer* patients. The Phase I vaccine trial was initiated in December 1993 
and closed in June 1994 when 60 patients had received the vaccine. All 
patients . . . 

...response confirmed our previous in vitro observations and suggested that 
our vaccine peptide 105mer expresses the epitopes previously seen by the 
immune system of the *cancer* patients. In addition to the immunodominant 
epitope which is recognized directly and does not bind MHC, we have 
identified a 9aa long peptide from the. . . 
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♦Tumor* cells transf ected with B7-1 + IL-12 cDNA induce lasting 
protective immunity (Meeting abstract) • 

Successful activation of specific T cells requires *multiple* 
costimulatory signals provided by *antigen* *presenting* *cells*; B7-1 
which stimulates differentiation of precursor cytotoxic T cells, and IL-12 
which stimulates differentiation of precursor T helper cells to become Thl 
type cells. To increase the immunogenic ity of *tumor* cells, we 
*transfected* P815 cells with cDNA for either B7-1 and/or IL-12 p35 and p40 
chains. Untransf ected P815 cells grow progressively and fail to induce 
*tumor* -specific T cells when injected into the flank of syngeneic mice. 
Expression of B7-1 alone results in the elimination of the primary *tumor* 
and induction of * tumor* -specif ic cytotoxic T cells. However, immunity is 
transient and only slows the growth of a secondary *tumor* challenge (100% 
*tumor* incidence) . Similarly, mice immunized with transf ectants that 
secrete IL-12 alone also failed to induce protective immunity to a second 
*tumor* challenge (100% incidence) . In contrast, mice immunized with 
transfectants expressing B7-1 and secreting IL-12 were protected from a 
second *tumor* challenge (20% *tumor* incidence)'. We conclude that 
expression of B7-1 and secretion of IL-12 by P815 *tumor* cells induces a 
long-lasting and protective memory T cell response, and we suspect that 



this results from the in^^pion of both cytotoxic T cells 
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Mucin-based immunotherapy of breast *cancer* (Meeting abstract) . 

One of the primary challenges to *tumor* immunologists in recent years 
has been to define antigens on tumors cells capable of stimulating the 
immune system, primarily the effector T cells. One of these molecules, 
first identified by monoclonal *tumor* specific antibodies, is breast 
mucin. Mucin consists of *multiple* tandem repeats^ of a 20 amino acid 
sequence which is highly glycosylated by O-linked sugars. Since both normal 
and malignant epithelial cells produce mucin, the *tumor* specificity of 
anti-mucin antibodies has been postulated to result from incomplete 
glycosylation of mucin by malignant cells. The importance of mucins as 
*tumor* -associated antigens has recently been increased by our finding that 
cytotoxic T lymphocytes (CTL) can recognize mucin. The epitope recognized 
by the CTL is present. . . 

... can be manipulated by various gene transfer and biochemical techniques. 
We constructed several expression vectors which allow mucin production in 
different cell types, including autologous *antigen* *presenting* *cells*. 
Using mucin *transf ected* B cells as APC we generated specific T cell lines 
and clones from breast *cancer* patients. Both syngeneic and allogeneic APC 
could stimulate mucin specific CTL and serve as their targets. T cell 
clones could be divided into the major. . . 

. . . activity when mucin is not fully glycosylated. Our data suggest that 
altered post-translational modification of normal gene products can result 
in the expression of *tumor* specific epitopes, which. can be utilized to 
induce an effective anti-*tumor* response, when presented on an immunizing 
cell of choice. These observations are being utilized to construct a 
mucin-based vaccine. 
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. . .destroys the tumour^^thout affecting normal tissues^Bhis response is 
mediated by CD8+ cytotox^^T lymphocytes at the end of a ^ffiplex process 
which involves *antigen* -*presenting* *cells* and CD4sup + helper T 
lymphocytes. The absence of effective response against *cancer* cells in 
the patient represents an obvious failure to the immune surveillance. 
Presentation of tumour antigens to T lymphocytes appears to be one of the 
deficient steps explaining this immunological escape of the tumour. The 
remarkable immunogenic properries of *dendritic* *cells* have led to their 
use as tumour *antigen* ^presenting* *cells* in order to trigger immune 
rejection responses. All of the experimental data obtained to date 
constitute the basis for a concept of adjuvant immunotherapy. The strategy 
consists of producing *dendritic* *cells* from a patient, to sensitize them 
ex vivo with the targeted tumour antigen, then to reinject them in order to 
generate an effective immune response against the residual disease. Despite 
an encouraging preliminary clinical trial, the *multiple* parameters of 
anticancer immunization have yet to be evaluated before these experimental 
results can be *transformed* into clinical efficacy. 
DRUG DESCRIPTORS: 

*cd4 antigen --endogenous compound- -ec,- *cd8 antigen- -endogenous compound 
--ec; **tumor* antigen- -endogenous compound- -ec 
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Presentation of soluble antigen to human T cells by products of multiple 
HLA-linked loci: Analysis of antigen presentation by a panel of cloned, 
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Epstein-Barr virus-* trans formed* human B lymphoblastoid cell lines 
(EBV-LCL) can present soluble antigens to antigen-primed T lymphocytes. In 
this study, we used HLA antigen-loss mutants... 

...721) to demonstrate that the presentation of a soluble antigen from 
Candida albicans (CAN) by EBV-LCL to primed T cells can be restricted by 
*multiple* HLA determinants. Haplotype-deletion mutants that contained only 
the maternal or only the paternal HLA-haplotype were used to demonstrate 
the preferential role of autologous... 

. . . Immunoselected mutants of LCL-721 showing a variety of distinct 
phenotypes that are deficient in HLA-DR, DQ, or DP antigen expression were 
tested as *antigen*-*presenting* *cells*. The antigen-presenting ability of 
these class II deficient EBV-LCL variants weakened with progressive loss of 
class II HLA determinants experssed on the cell surface. Our study, 
therefore, provides evidence for *multiple* HLA restriction determinants, 
including HLA-DR, DQ, and DP. Furthermore, LCL lacking all HLA-DR, DQ, and 
DP expression because of homozygous deletion of these. . . 
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While transformed* cells may be inhibited from growing into a tumour by 
an immune response mounted against tumour-associated-antigens presented via 
LC to T lymphocytes, depletion of the LC by promotors would abrogate this 
response, thus enabling the *transformed* cell to grow unhindered. However, 
this may not be the only effect of tumour promotors on anti-tumour immunity 
as TPA has also been shown. . . 

. . .NK cell tumour cytotoxicity (Keller, 1979) . In contrast to our findings 
with tumour promotors, tumour initiators had no effect on LC. Whether 
alteration of local *ant igen*-*presenting* *cells* occurs in other models 
of chemical carcinogenesis which involve ^multiple* steps, such as in the 
liver (Farber, 1984) , is unknown, but such an investigation would determine 
if this is a requirement for tumour growth at... 
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...p24, and 4D12 not present in the uninfected clone. Prior to infection, 
the T cell clone responded to antigen stimulation in the presence of 
histocompatible *antigen*-*presenting* *cells* with proliferation and 
secretion of *multiple* lymphokines, including IL 2, B cell growth factor 
(BCGF) , B cell differentiation factor (BCDF) , and interf eron-gamma 
(IFN-gamma) . Following infection, the T cell clone. . . 

. . .or antigen. Co -cultivation with any accessory cells regardless of 
histocompatibility resulted in increased proliferation and lymphokine 
production. IL 2 production by the HTLV- I trans formed* cell, however, 
could not be detected. Similarly, the uninfected clone was able to provide 
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Induction of prostate *tumor* -specif ic CD8+ cytotoxic T-lymphocytes in 
vitro using antigen-presenting cells pulsed with prostatic acid phosphatase 
peptide. 

BACKGROUND: Most strategies in *cancer* immunotherapy are aimed at the 
induction of a strong cellular immune response against the * tumor*-. 
Particularly, CD8+ T lymphocytes have been proven in multiple animal models 
to be critical for the eradication of solid tumors. METHODS: We used a 
population of peripheral bipod-derived *antigen*-*presenting* *cells* 

(APC) , containing *dendritic* *cells* (DC) , to generate prostate *tumor* 
-specific CD8+ T cells. Selected peptides from prostatic acid phosphatase 
(PAP), a prostate tissue-specific *antigen*, were shown to bind HLA-A2 . A 
high-affinity peptide was used to generate pept ide-specif ic CD8+ cytolytic 
T lymphocytes (CTL) from the peripheral blood of healthy donors. RESULTS: 
The obtained PAP-peptide-specif ic CTL lysed peptide-coated target cells, 
vaccinia-*inf ected* target cells, and HLA-A2 -positive prostate-* tumor* 

cells in vitro in an *ant igen*-specif ic manner. CONCLUSIONS: Our results 
indicate that- CTL precursors to the PAP gene product exist and could be 
potentially recruited to elicit an antitumor response. Thus, PAP is a 
suitable *antigen* for inclusion in prostate *cancer* vaccines. 
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variance/mean, or by comparing the average MEJC amplitude distribution 
skewness (Fig. 5a). This indicates that large spontaneous events are not due to 
the n on random coupling of multiple spontaneous release events by gated influx 
of calcium into the presynaptic terminal. However, we cannot discount the 
possibility that calcium fluxes from intracellular stores cause the nonrandom 
spontaneous release of multiple vesicles. 
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Dendritic cells acquire antigen 
from apoptotic cells and induce 
class l-restricted CTLs 

Matthew L. Albert, Birthe Sauter & Nina Bhardwaj 

Laboratory of Cellular Physiology and Immunology, The Rockefeller University, 
New York New York 1002L USA 

CD8* cytotoxic T lymphocytes (CTLs) mediate resistance to 
infectious agents and tumours. Classically, CTLs recognize anti- 
gens that are localized in the cytoplasm of target cells, processed 
and presented as peptide complexes with class I molecules of the 
major histocompatibility complex (MHC) 1 , However, there is 
evidence for an exogenous pathway whereby antigens that are 
not expected to gain access to the cytoplasm are presented on 
MHC class I molecules 2-6 . The most dramatic example is the in 
vivo phenomenon of cross-priming 7 : antigens from donor cells 
are acquired by bone-marrow-derived host antigen-presenting 
cells (APCs) and presented on MHC class I molecules. Two 
unanswered questions concern the identity of this bone- 
marrow-derived cell and how such antigens are acquired. Here 



we show that human dendritic cells, but not macrophages, 
efficiently present antigen derived from apoptotic cells, stimulat- 
ing class I-restricted CD8* CTLs. Our fin dings suggest a mechan- 
ism by which potent APCs acquire antigens from tumours, 
transplants, infected cells, or even self- tissue, for stimulation or 
tolerization of CTLs. 

Influenza A virus establishes a non- toxic infection in human 
dendritic cells (DCs) 8,9 . Once infected, these DCs are capable of 
eliciting virus-specific, recall CTL responses within 7 days. The* 
CTLs generated are class l-restricted and kill virus 4nfecfe&mon6- 
cytes and peptide- pulsed target cells 8,10 . (Compared with DCs, 
influenza- infected monocytes are poor stimulators of CTL 
responses 8 and undergo apoptosis 11,1 *. We have exploited these 
observations to investigate the role of apoptosis Jft the generation 
of antigen that could be acquired by uninfected E)Cs. 

DCs were prepared from peripheral blood precursors of HLA- 
A2.1 : donors I?,u . Uninfected DCs -aiid syngeneic T cells were 
cocultured with influenza- mte&ed syngeneic (Fig. la) or allogeneic 
(Fig. lb) monocytes for& ;: days. Influenza-specific CTLs were 
generated in these co:Culture£ suggesting that the DCs acquired 
antigen from the monocytes. The DCs and not die infected mono- 
cytes functioned as the antigen- presenting cell (APC), because the 
latter failed^ to\ stimulate CTLs in the absence of DCs, even at a 
stimulator:responder ratio of 1:2 (Fig. la, dashed lines). The CTL 
responses .generated in these cocultures were as potent as those 
induced by influenza- infected DCs, and as few as 5 X 10 ? infected 
monocytes could charge uninfected DCs for the induction of robust 
CTLs (Fig. lb). To confirm that antigen is transferred to and 
expressed directly by DC MHC class I products, we cocultured 
uninfected DCs and influenza -infected monocytes, and used the 
DCs as targets for influenza-specific CTLs (Fig. lc). DCs cocultured 
with infected monocytes were recognized as efficiently as virus- 
infected DCs. Collectively, the results in Fig. 1 suggest that influenza 
antigen from infected monocytes gained access to MHC class I of 
the DC, that is, antigen from H LA- mismatched monocytes were 
cross-priming T cells through the DC. 

It was important to exclude live virus as the agent responsible for 
the transfer of antigen to DCs. Influenza-infected monocytes 
produce only low levels of infectious virus before they undergo 
apoptosis 911 . Infection of 5 X 10* 1 monocytes with a multiplicity of 
infection (MOl) of 2.0 would be expected to yield up to 1 X IO 3 
infectious virions after a 24 h culture period. To prevent infection of 
DCs by monocyte- produced virus, experiments were done in 
human serum, which contains blocking anti-haemagglutinin anti- 
bodies. Indeed, the addition of influenza virus (10 4 infectious 
virions) directly into cultures containing uninfected DCs and T 
cells did not yield a CTL response (data not shown). Furthermore, 
<1 haemagglutination units (HAU) mi" 1 was detected in 
the medium at 12 h, 24 h and 7 days of coculture. 

The CTL responses were also not due to free peptide released by 
the dying monocytes, thereby charging class I molecules on DCs. 
Media from wells containing the infected monocytes were collected 
after an overnight culture and transferred to fresh wells containing T 
cells and uninfected DCs. Virus- specific CTLs were generated after a 
7 day culture period (Fig. 2a, transfer). This CTL activity was 
abrogated if the medium was passed through a filter (0.45 p,m 
pore size) before being added to T-cell-DC cultures ( Fig. 2a, filter), 
suggesting that the antigenic material was neither live virus nor free 
peptide (as both would have passed through the filter). This was 
confirmed by sedimentation experiments (Fig. 2b). Media from 
wells containing infected monocytes were removed and spun at 
250g. The antigenic material could be localized in the pellet, but not 
in the supernatant fraction. Notably, the pelleted material (which 
lacked detectable haemagglutinating activity) fully accounted for 
the CTL activity generated in direct transfer. These results are most 
consistent with the source of antigen being material derived from 
apoptotic cells. 
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The role of apoptosis in the transfer of antigen to the uninfected 
DC was therefore assessed. We first extended prior work 11 , showing 
that influenza- infected monocytes undergo apoptosis as detected 
by annexin V binding, an early marker for programmed cell death 
(Fig. 3a, middle panel). In contrast, heat-inactivated (HI) influenza 
virus, which reliably reduces viral replication, failed to induce 
apoptosis in monocytes (Fig. 3a> bottom panel). However, DCs 
that are infected with HI influenza still stimulate potent influenza- 
specific CTL responses' 0 . We employed this replication-deficient 
virus to probe the requirement for apoptosis in cross- priming. 
When media from wells containing the monocytes infected with HI 
influenza were collected after an overnight culture and transferred 
to fresh wells containing T cells and uninfected DCs, no influenza- 
specific CTLs were generated (Fig. 3b, 10 h transfer, HI Flu). In 
contrast, DCs exposed to media derived from live virus-infected 
cultures, which contained apoptotic cells, did elicit a CTL response 
(Fig. 3b, 10 h transfer, Live Flu). However, if the monocytes infected 
with HI influenza were allowed to undergo apoptosis sponta- 
neously, as occurs during 7 days of culture 15 , antigenic material 
was generated and virus- specific CTLs were induced (Fig. 3b, 
coculture, HI Flu). This data also argues against the possibility 
that live virus within the apoptotic cell is responsible for the transfer 
of antigenic material to the DCs. 

To establish that apoptosis is the critical trigger for cross-priming, 
we used Z-VAD- CHO, an irreversible peptide inhibitor of caspase 
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activity. Apoptosis of influenza- infected monocytes was blocked 
(determined by TUNEL), without affecting the expression of viral 
proteins (data not shown). Influenza-infected monocytes were 
cultured overnight in the presence of varying concentrations of 
Z-VAD. Media from these wells were then added to fresh wells 
containing T cells and uninfected DCs. At concentrations of Z-VAD 
which inhibited apoptosis of the infected monocytes, antigenic 
material was not transferred to the uninfected DCs, and .yiru£ : 
specific CTLs were not generated (Fig. 3c). We next compared? 
apoptotic death to necrotic death for the generationlof antigenic 
material. Influenza-infected 293 cells express influenza proteins 
after 10 h of infection but, unlike monocytes, do not undergo 
apoptosis. Apoptosis or necrosis was induced by ultraviolet B 
irradiation and hypotonic shock, respectively, and the cells were 
then cocultured with uninfected DCs and T cells for 7 days. CTL 
activity was measured using matrix peptide-pulsed T2 targets. Only 
the apoptotic cells and not ..trie:, necrotic cells were capable of 
charging DCs with antigen (Fig; : 3d). Apoptotic versus necrotic 
influenza- infected monocytes :gave similar results (data not shown). 

It was important to investigate the cellular requirements for 
generating CTLs through this pathway. When CD4 1 " and CD8* 
sub population severe purified at the end of the 7 day culture 
period, CTL ^activity was detected only in the CD8 f " fraction (data 
not shown). : We next compared DCs to macrophages as potential 
mediators 1 of this exogenous pathway. Uninfected HLA-A2.1 T 
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Figure 1 Dendritic cells acquire antigen from influenza-infected cells and induce 
class ^restricted CTLs. a, b. 8 to 10 h after infection with influenza virus, varying 
:? 0oses of syngeneic HLA-A2.1 * monocytes (a) or allogeneic HLA-A2.1 "" monocytes 
''(b) were added to cocuftures of DCs and T cells. On day 7. cytolytic activity was 
tested using syngeneic influenza -infected macrophages (a) or T2 cells (a Tap"'", 
HI_A-A2.r eel! line) pulsed with the immunodominant influenza matrix peptide 26 
<b) as targets. Symbols: filled squares plus solid line 5 x 10 5 infected monocytes 
(int M4>) + uninfected dendritic ceils (unint DCs); open squares 5 x t0' :i uninf N\tf> + 
unint DCs; filled squares plus dotted fine, 5 x 10 ;: inf M<t>, no DCs; rilled triangles. 
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5 x 10* inf + uninf DCs; filled circles plus solid line, 5 x 10 3 inf + uninf DCs; 
open circles, 5x10" unint M$ + uninf DCs; titled circles plus dotted line, 5 x 10 3 
inf Mfj>, no DCs; filled diamonds, inf DCs; open diamonds, uninf DCs. c, Unin- 
fected syngeneic DCs are cocultured with influenza-infected or uninfected 
allogeneic monocytes for 2 days before being used as targets for CTLs. Control 
targets included influenza-infected syngeneic DCs and influenza-infected allo- 
geneic monocytes. Effectortarget ratio = 45:1. Results are representative of 8 
experiments and the values shown represent the mean from triplicate wells. 



Figure 2 Antigen transfer is not due to live influenza virus or free peptide, 
a. 5 x 10 4 infected allogeneic HLA-A2.1 " monocytes were cultured for 10 h. after 
which the media from these wells was collected. Media was either directly added 
to fresh wells containing HLA-A2.1 ' T-cells and DCs (10 h transfer) or first passed 
through a 0.45 M- m (filter). Effector: target ratio = 30:1. b, 5 x 10 1 infected allo- 
geneic monocytes were cultured for 10 h, after which Tcells and DCs were added 
to the wells (squares). Alternatively, media from wells containing infected mono- 
cytes was removed and transferred to fresh wells containing Tcells and DCs 
(asterisks). Other cultures were established in which the medium was first spun 
at 250g in a GH-3.8 Beckman rotor for 10min. The resulting supernatant fraction 
(triangles) versus the pellet (inverted triangles) was then added to DC-T cell 
cocultures. Controls included T cells cultured with infected (filled diamonds) 
and uninfected (open diamonds) DCs. After 7 days, cytolytic activities were 
determined on T2 cells pulsed with matrix peptide. Results are representative 
of 3 experiments. 
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Figure 3 Apoptosis is required for delivery of antigen to DCs. a. Monocytes were 
. infected with live or heat-inactivated influenza virus, cultured for 10: h and stained 
with annexin V - FITC (Kayima Biomedical Company, Seattle, WA) and propidium 
iodide. Early apoptotic cells are defined by the annexin V*;^ propidium iodide." 
population, b, Allogeneic HLA-A2.1" monocytes were: ; ihfectcd with live or heat- 
inactivated virus. After 10 h, media from wells containing infected monocytes was 
removed and added to fresh weils containing ^ cells and uninfected DCs <10 h 
transfer). Alternatively, the infected ^monocytes were directly cocultured with the 
T-cetls and DCs (coculture). He3Hn activated influenza and live influenza -infected 
DCs served as the positiyQ : .controls t6r the experiment. After 7 days CTL activity 
was measured on matrix>peptide- pulsed targets, c, Apoptosis of influenza- 
infected monocytes was • inhibited using Z-VAD-CHO (Kayima Biomedical 
Company). 1. xW infected monocytes were exposed to varying doses of 
Z-VAD for 1 hV washed and cultured for 10 h. Media from these wells was then 
transferred to;fresh wells containing 2 x 10 E T cells and 6.67 x 10 3 DCs. Cytolytic 
actjvity;was determined as in b. d. 293 ceils, a human kidney epithelial cell line, 
werejnfected with influenza virus, and cultured for 10 h. Apoptosis was induced 
by UVB irradiation for 2 min 2? . Necrosis was achieved by incubating the 293 ceils 
in a hypotonic solution for 30min at 37 after which all the cells incorporated 
trypan blue. Apoptotic or necrotic 293 cells were cocultured with T cells and 
uninfected DCs tor 7 days. Cytolytic activity was determined as in b. Uninfected 
293 ceils failed to induce CTL activity (data not shown). Symbols: squares plus 
solid line, apoptotic inf 293 cells + uninf DCs; circles, necrotic inf 293 cells + uninf 
DCs; squares plus dotted line, apoptotic inf 293 cells, no DCs; filled diamonds, inf 
DCs; open diamonds, uninf DCs. The results are representative of 9 experiments. 



macrophages or DCs and syngeneic T cells were cocultured with 
infected HLA-A2.1" monocytes for 7 days, after which cytolytic 
activity was measured. DCs but not macrophages were capable of 
stimulating influenza-specific CTLs (Fig. 4). Additionally, as 
increasing doses of syngeneic uninfected macrophages were introduced 
into cocultures containing uninfected DCs, T cells and infected 
allogeneic monocytes, the CTL activity was abrogated. Presumably, 
the macrophages act to sequester antigen from the DCs by efficiently 
engulfing the apoptotic cells and degrading the antigen. 

To demonstrate that antigen was being processed intracellular! y, 
DCs were pretreated with inhibitors of antigen presentation and 




Figure 4 Dendritic cells and not 
macrophages are capable of cross- 
presenting apoptotic antigenic 
material. Uninfected HLA-A2.1* 
monocytes or DCs and mixtures 
of both were used as APCs, and 
cocultured with bulk syngeneic I 
ceils and influenza-infected HLAt : : 
A2.1" monocytes, infected HLa-2.1% 
DCs and infected Hl^2;irmbrib- 
cytes served as ppsrtive;and nega- 
tive controls, respectively^" Cytolytic 
responses were measured after 7 
days^EffectOKtarget ratio = 30; 1. 



used as targets for influenza-specific CTLs. Both ammonium 
chloride and Brefeldirt, A Completely inhibited the DCs ability to 
present antigenic material derived from apoptotic monocytes (data 
not shown). 'Laotacystin, an irreversible inhibitor of the 26S 
proteosome 16 , -only partially blocked antigen presentation by the 
uninfected DCs (data not shown), suggesting that both classical and 
non-dassieal class I pathways are utilized for the presentation of 
exogenous antigen derived from apoptotic cells. We next docu- 
mented the uptake of apoptotic cells by immunofluorescence and 
electron microscopy. Ten to twenty percent of the DCs contained 
fragmented or intact cell bodies in Fig. 5a. DCs were identified by 
the DC-restricted marker, p55, and apoptotic material was iden- 
tified by the intense DAP1 staining of pyknotic nuclei. This w T as 
confirmed by electron microscopy (Fig. 5b). About 20-25% of the 
DCs (identified by expression of CD83, data not shown) had vesicles 
containing apoptotic corpses with apparendy intact plasma mem- 
branes. A recent report indicates that DCs associate with apoptotic 
cells through the vitronectin receptor avp3> but fail to associate 
with opsonized particles and necrotic cells 17 . Further studies will be 
required to determine if DCs are actually phagocytosing and 
presenting apoptotic cells through this receptor. 

Previous studies have shown that murine DCs have the capacity 
to present soluble antigens through an exogenous pathway, leading 
to the induction of MHC class 1-restricted CTLs 518 " 2a . Following 
intravenous injection of allogeneic cells into rats, interdigitating 
DCs within lymph nodes were found to contain whole cells and cell 
fragments 21 . Here we present a physiologically relevant system 
which demonstrates that human DCs can acquire relevant antigens 
and stimulate MHC class 1-restricted CTLs by phagocytosing 
apoptotic cells. Our studies provide the first evidence that apoptosis 
(but not necrosis) is required for the generation and packaging of 
immunogenic material for delivery to the DC. We believe this 
pathway accounts for the in vivo phenomenon of 'cross- priming', 
whereby antigens derived from tumour cells 22 or transplants 23 are 
presented by host APCs. Tolerance to tissue-restricted self 
antigens 24,25 may also depend upon apoptotic cell death (as occurs 
during development and normal cell turnover) followed by antigen 
presentation by DCs. Possibly, heat shock proteins within the 
apoptotic cells direct antigen into the class 1 MHC presentation 
pathway 4 . As a consequence of apoptosis, antigens within cells that 
lack costimulatory function for T cells can gain access to the potent 
DC system, thereby eliciting stimulatory or tolerogenic responses. 
This apoptosis-dependent pathway has the potential to be thera- 
peutically manipulated to induce CTL responses in vivo to a variety 
of antigens including tumour and microbial antigens, and possibly 
to modulate autoimmune responses. □ 

Methods 

Generation of mononuclear subsets. Peripheral blood mononuclear cells 
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Figure 5 Dendritic cells engulf apoptotic monocytes. Influenza-infected mono- 
cytes and uninfected DCs were cocuitured for up to 10 h. a, Cells were fixed with 
acetone and stained with anti-CD8 (isotype control) or anti-p55 followed by goat 
anti-mouse-FlTC and incubation with DAPI (Sigma). The nuclei of the DCs (closed 
arrows) are tabulated and euchrom3tic as compared with the pyknotic, 
fragmented nucleus of the apoptotic cells (open arrows). DAPr material from 
an apoptotic celi appears to be within the cytoplasm of a p55* DC. b, Electron 
microscopy revealed apoptotic material and apoptotic cells (AC) within the 
cytoplasm of gtutaraldehyde-fixed DCs 23 . 

(PBMCs), T cells, and macrophages were prepared as previously described' 5 . 
Dendritic cells were prepared from T-cdl depleted PBMCs by culm ring cells for 
7 days in the presence of" granulocyte and macrophage colony -stimulating*;: 
factor (GM-CSF) and interleukin-4 (lL-4), followed by 4 days in mono pre- 
conditioned medium 13 * 14 . 

Induction and detection of apoptosis. Monocytes were infected with 
influenza virus in serum-free RPMI. Cell death was assayed using the Early 
Apoptosis Detection kit (Kayima Biomedical). Briefly, : cells are stained with * 
Annexin V-FITC (Ann V) and propidium iodide (PI). Early apoptosis is 
defined by Ann V + /PP staining as determined by FACScan (Becton Dickinson). 
Cells from the 293 cell line were triggered tp;undergo apoptosis using a 60UVB 
lamp (Derma Control Inc.), calibrated t&providc 2mjcm" : s~ l . 
Coculture of DCs with apoptotic cells. Monocytes from HLA-A2.T donors 
were infected with livcor heat-inactivated influenza virus. Live influenza virus 
(Spafas Inc.) was added at h final concentration of 250 HAUmT* (MOI of 0.5) 
for 1 h at 37 °C (ref, 8). : Virus was heat-inactivated by treatment for 30min at 
56 °C before tise 10 ; After washing, cells were added to 2 4- well plates in varying 
doses. .After?! ^ contaminating non-adherent cells were removed and fresh 
me^ia was 'added. Following a 10 h incubation at 37 °C, 3.3 x 10' uninfected 
DCs and 1 X 10" T cells were added to the wells. 

Assay for virus-specific CTLs. After 7 days of culture, T cells were assayed for 
cytolytic activity using a conventional Na 5l Cr0. t release assay". The targets were 
either influenza- infected syngeneic monocytes or T2 cells (a TAP"'", HLA- 
A2. 1 class II" cell line) pulsed for 1 h with 1 |xM of the immunodominant 
influenza matrix peptide, GILGFVFTI/ 6 " 7 . Specific lysis was determined by 
subtracting the per cent killing of uninfected monocytes or impulsed T2 cells. 
Influenza-infected DCs served as controls in all experiments in order to 
measure the donor's CTL responsiveness to influenza. Responses varied as a 
function of the individual's prior exposure to influenza. Background lysis 
ranged from 0-5% for the uninfected monocytes and 0-20% for the impulsed 
T2 cells. Additionally, syngeneic DCs were used as targets where noted. 
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